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Preface 
It is my greatest honour to host the 9th Asia-Oceania Symposium on Fire Science and Technology in Hefei, China from 17 to 
20 October 2012. 
I would like to express my sincere gratitude to all the guests of plenary, invited speakers and participants from different 
countries for coming to this symposium. Thanks are due to all the committee members and reviewers for their hard work 
and effort. Special thanks are devoted to Professor Tanaka Takeyoshi and Prof. Naian Liu for chairing the Technical and 
Program Committees on quality assurance.  
Support from the following organizations are also appreciated: 
Ь The International Association for Fire Safety Science (IAFSS) 
Ь The Asia-Oceania Association for Fire Science and Technology (AOAFST) 
Ь National Natural Science Foundation of China (NSFC) 
Ь China Academy of Sciences (CAS) 
Ь University of Science and Technology of China 
Ь Hefei KDLIAN Safety Technology Co., LTD 
Ь Xuzhou Dae-A Automans Co., LTD.  
This proceedings with a complete collection of all papers presented is published by the journal of Procedia Engineering of 
Elsevier, and the hard copies of the proceedings will be mailed to all registered participants.  
Over 170 papers were received, and 114 papers and 15 plenary/invited papers were finally accepted after peer review. The 
authors of all the accepted papers come from countries and regions including Australia, Canada, China, Croatia, France, 
Germany, Hong Kong, India, Indonesia, Japan, Korea, New Zealand, Portugal, Russian, Singapore, Sweden, Taiwan, 
United Kingdom, United States of America. In addition, eight papers were accepted as poster papers. Four parallel sessions 
of paper presentation are scheduled during October 18-20, 2012, with plenary and invited lectures in the morning.  
The local organizing committee put together an exciting social program. The Welcome Reception was held on October 17  
evening at the Cafeteria of AGNC Hotel. A special performance of Traditional Chinese Music took place on evening of 
October 18, which was contributed by USTC Student Orchestra of Nationalities Music. Visits to State Key Laboratory of 
Fire Science (SKLFS) were arranged on October 18 and October 19, two times every day. A visit to the KDLian Safety 
Technology Co., Ltd. was arranged on afternoon of October 19. On October 20 afternoon, there was a local tour in Hefei 
organized, including visits to the Anhui Museum, Huiyuan Park and Expo Anhui Pavilion. The Symposium Banquet and 
Farewell Dinner took place on the evenings of October 19 and October 20, respectively.  
A special thanks is given to all the local organizing committee members. Especially the work of Dr. Ran Tu, who set up the 
symposium Site and did a lot of work for the symposium administrative affairs, is greatly appreciated 
Weicheng Fan 
Organizing Chairman 
9th Asia-Oceania Symposium on Fire Science and Technology 
July 2013 
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The International Association for Fire Safety Science holds a great deal of gratitude to the University of Science and 
Technology of China (USTC) in Hefei for supporting and organising the important activities of the Association. This 
includes the co-establishment of the Asia-Oceania Association for Fire Science and Technology (AOAFST) itself, a 
regional organisation operating under the auspices of IAFSS. Over the last two decades, AOAFST has sought actively to 
expand the corroboration among fire researchers in Asia-Oceania, enhancing the research excellence in countries with long 
tradition of fire research such as Australia, China, Japan, Korea, New Zealand and Russia, and assisting with developing fire 
research in countries that have been rapidly building their research capacity, such as Indonesia. For many years, the 
Secretariat of the AOAFST was based at USTC in Hefei, a tribute to gifted research leaders who have been working at 
USTC, especially to Professor Weicheng Fan and his co-workers, and to the quality of fire research performed at USTC. 
Professor Fan has built one of the best international fire research groups, attracting to our research field a group of the 
brightest Chinese researchers. The number of papers in prestigious international journals, including Fire Safety Journal, 
Combustion and Flame, Proceedings of the Combustion Institute, and in Proceedings of IAFSS Fire Safety Symposia, 
authored and co-authored by USTC scientists and engineers, speaks both for the quality of fire research at USTC and its 
scope. 
Also, two decades ago AOAFST held its first Asia-Oceania Symposium on Fire Science and Technology (AOSFST) in 
Hefei. Since then, the Asia-Oceania Symposia have grown in size and quality. The selection of Hefei for the 2012 
Symposium has shown to me the value attached by AOAFST to its roots at USTC. In my opinion, the 9th AOSFST has 
been the best and the most successful Asia-Oceania Symposium ever held, a view that has been shared with me by many 
fire safety scientists and engineers who attended last Symposia. The number of papers exceeded three times the number of 
those presented at the 8th Symposium in Melbourne, with equally high quality. Judging from the excellence of the final 
program of the Symposium, the Technical Committee must have spent long hours deliberating on the selection of the papers. 
The plenary and key-note presentations were all of exceptional calibre. For all of this, I would like to express my sincere 
words of appreciation to Professors Naian Liu, Takeyoshi Tanaka and Charles Fleischmann (with whom I worked closely 
throughout the Symposium), other members of the Technical, Organising and Awards Committee, the papers’ reviewers, 
and to all fire researchers who attended the Symposium. Our research field has become stronger as a consequence of the 9th 
AOSFST. 
 
Bogdan Dlugogorski 
Chairman, International Association for Fire Safety Science 
 
June 2013 
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It is my greatest pleasure to see that the 9th Asia-Oceania Symposium on Fire Science and Technology was held 
successfully in Hefei, Anhui, China from 17 to 20 October 2012. I would like to express my sincere gratitude to all the 
guests of honour, invited speakers and participants from different countries for attending this symposium.   
The symposium was focused on important areas to the Asia-Oceania region, such as evacuation modeling; fire service; 
structural fire safety; toxic and hazardous products; extinction and fire extinguishment; building and compartment fires; 
tunnel fires; industrial safety; risk analysis and fire safety design; and fire and smoke detection. 
Special thanks are due to all the chairmen, committee members, technical committee members and reviewers for their hard 
work and effort, particularly Professor Weicheng Fan and Professor Naian Liu for hosting the conference, Professor T. 
Tanaka for chairing the Technical Committee on publishing quality papers, Professor Naian Liu for chairing the Program 
Committee, Professor Charles Fleischmann for chairing the Awards Committee and Professor Weicheng Fan for chairing 
the Local Organizing Committee.   
 
W. K. Chow 
President 
Asia-Oceania Association for Fire Science and Technology  
 
January 2013 
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The Ninth Asia-Oceania Symposium on Fire Safety Science and Technology (AOSFST) was held successfully in Heifei, 
Anhui, China from 17 to 20 October 2012, having nearly 200 participants and 114 fully reviewed papers presented from 19 
countries worldwide, including one plenary lecture and 14 invited key-note speeches.  
It should be said that the success of the symposium owes firstly to the participants, who presented quality papers and 
exchanged active discussions. It should be also mentioned that the symposium was supported by a number of people who 
joined to Program Committee, Local Organizing Committee, Award Committee and so forth. On behalf of Technical 
Committee, I would like to extend sincere gratitude to them for the devoted efforts. 
Asia-Oceania region is the most populated and rapidly developing area in the world. We may encounter various fire 
problems as urbanization is expected to continue to proceed in this region. Hence the role of fire science and engineering 
will become more important than ever to cope with the problems due to fires. I sincerely hope that the AOSFST will provide 
the platform for the exchange of wisdoms and the cooperation among the researchers and engineers in their efforts to 
mitigate the burden to the society due to fire loss. 
Finally, I would like to confess that I was extraordinarily impressed by Professor Naian Liu for his hard work in the course 
of arranging as well as holding the symposium, and in completing the proceedings. 
 
Tanaka, T. 
Chair of Technical Committee 
9th Asia-Oceania Symposium on Fire Science and Technology 
 
July 2013 
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The Ninth Asia-Oceania Symposium on Fire Science and Technology was held in Hefei, China from October 17 to 20, 2012. 
The symposium was organized by the Asia-Oceania Association for Fire Science and Technology (AOAFST), with the 
local organization by the State Key Laboratory of Fire Science (SKLFS) at the University of Science and Technology of 
China (USTC). Nearly 200 registrants attended the four parallel sessions in which 114 fully peer review papers, including 1 
plenary paper and 14 invited papers, were presented. Additionally eight papers were accepted as poster papers. The papers 
and the abstracts of posters are printed in this volume. Nineteen countries/regions were represented: Australia, Canada, 
China, Croatia, France, Germany, Hong Kong, India, Indonesia, Japan, Korea, New Zealand, Portugal, Russian, Singapore, 
Sweden, Taiwan, United Kingdom, United States of America.  
Dr. Yaping He, Vice President of AOAFST, presided over the opening ceremony on October 18, which was conducted by 
representatives from the host country, AOAFST and IAFSS: Prof. Xiangdong Ye, Vice President of USTC; Prof. Tao Liu, 
Executive of Engineering and Material Science Department, National Natural Science Foundation of China (NSFC); Prof. 
Weicheng Fan, Director of SKLFS; Prof. Bogdan Dlugogorski, Chairman of IAFSS; Prof. Takeyoshi Tanaka, Chair of 
Technical Committee of 9th AOSFST; and Prof. Naian Liu, Chair of Program Committee of 9th AOSFST. Following the 
opening ceremony, Dr. John L. de Ris, FM Global, delivered the Plenary Lecture entitled “Mechanism of buoyant turbulent 
diffusion flames”. 13 other invited papers were also presented during the four parallel sessions of the symposium by Prof. 
Falin Chen (Taiwan), Prof. LinHai Han (China), Prof. Takashi Tsuruda (Japan), Dr. Ran Vijay Kumar Singh (India), Dr. 
Samuel L. Manzello (USA), Dr. Damien Marquis (France), Prof. James S. T’ien (USA), Dr. Yaping He (Australia), Prof. 
Akihiko Hokugo (Japan), Prof. Patrick van Hees (Sweden), Prof. Oleg P. Korobeinichev (Russia), Prof. Weiguo Song 
(China) and Prof. José Torero (Australia). 
At the Award Reception and Banquet, Prof. Wanki Chow, President of AOAFST, delivered a Welcome Lecture entitled 
“Experience on implementing performance-based design in Hong Kong”. After that, Prof. Chow presented the Lifetime 
Contribution Award of AOAFST to Prof. Toshisuke Hirano, first President of AOAFST during 1992-1995, and Prof. 
Weicheng Fan, President of AOAFST during 1995-2000. This award was instituted for the first time by AOAFST on this 
symposium, to recognize the persons who have made outstanding contributions to the development of Fire Science and 
Technology. Prof. Charles Fleischmann, Chair of Awards Committee of this symposium, presented the Excellent Paper 
Award to the authors of four papers.  
The symposium has made some innovations in its organization. The symposium collaborates with Elsevier to publish the 
proceedings in the journal of Engineering Procedia, while the copyright of the proceedings will be kept by IAFSS. Very 
strict review steps helped select qualified papers from the submissions, for which the program committee invited nearly 120 
reviewers from all over the world, and each paper was subjected to at least two peer reviews. The final acceptance ratio was 
nearly 64%. Additionally, the video recordings of the plenary and invited speeches of the symposium have been produced 
which is available at http://aosfst.csp.escience.cn/dct/page/65581.  
The AOAFST and IAFSS would like to thank NSFC, China Academy of Sciences (CAS), USTC, Hefei KDLIAN Safety 
Technology Co., LTD. and Xuzhou Dae-A Automans Co., LTD. for being the sponsors of the symposium. In addition, the 
AOAFST and IAFSS would like to extend its gratitude to all the organizations, committee members, and USTC student 
volunteers that assisted in making this symposium so successful. A special thanks is given to the staff at the SKLFS at 
USTC, as well as the members of the local Symposium Organizing Committee.  
The AOAFST and IAFSS would also like to greatly thank all those involved in the review, selection, and editing of the 
papers for the symposium. A special thanks is given to Prof. Tanaka Takeyoshi, Chair of the Technical Committee, and Prof. 
Naian Liu, Chair of the Program Committee, for organizing and leading the two committees on the selection of papers, and 
all of the technical and program committee members who interacted with authors and reviewers as well as reviewed final 
manuscripts to ensure all reviewer comments were addressed. Also a special thanks is given to Prof. Charles Fleischmann, 
Chair of the Awards Committee, for selecting the excellent papers. Many thanks go to Miss. Xian Yao, Miss. Ping Ping and 
Miss Xuejuan Zhao who served as the assistants for the Editor, for their great efforts in harmonizing the format of the 
papers presented in this volume.  
 
Naian Liu 
Editor, Proceedings of the 9th AOSFST Symposium 
Chair of Program Committee, 9th Asia-Oceania Symposium on Fire Science and Technology 
 
Tanaka Takeyoshi, Naikong Fong, and Qingsong Wang 
Associate Editors, Proceedings of the 9th AOSFST Symposium 
 
July 2013 
6   Preface /  Procedia Engineering  62 ( 2013 )  1 – 12 
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Prof. Bogdan Dlugogorski, The University of Newcastle  
Prof. Yulianto Nugroho, Universitas Indonesia  
Prof. Richard Yuen, City University of Hong Kong 
Symposium Proceedings Editor  
Prof. Naian Liu, University of Science and Technology of China  
Prof. Tanaka Takeyoshi, Kyoto University 
Dr. Naikong Fong, The Hong Kong Polytechnic University  
Dr. Qingsong Wang, University of Science and Technology of China 
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Winner of Lifetime-contribution Award of AOAFST 2012 
Prof. Toshisuke Hirano 
 
Professor Toshisuke Hirano graduated from the graduate course of the University of Tokyo, Department of Aeronautics on April of 1968. 
Then he was employed in Ibaraki University as a lecturer at Department of Mechanical Engineering and in 1971 promoted to be an 
associate professor there. In 1976 he moved to the University of Tokyo, Department of Reaction Chemistry and in 1985 was promoted to 
be a professor. Since 1994 he was belonged to Department of Chemical System Engineering. He retired from the University of Tokyo on 
March of 1999 and nominated as a professor emeritus.  
Prof. Hirano was one of the founders of the Asia-Oceania Association for Fire Safety Science and Technology (AOAFST), which was 
known as AAFST (the Asian Association for Fire Science and Technology) before 1995. In 1995, AAFST expanded in its region to 
include Oceanian countries and changed the name to AOAFST. Prof. Hirano held the first President of AOAFST during 1992-1995. 
Professor Hirano is a well-known expert in the fields of combustion and fire research. His achievements in those fields have been 
presented in more than 170 original papers and 65 review papers. Because of his contribution to the communities of combustion and fire 
research, he has been elected to be the Chairmen or Presidents of the Combustion Society of Japan (1989-1994), Asia-Oceania 
Association for Fire Science and Technology (1992-1995; 1995-Honorary President), International Association for Fire Safety Science 
(1997-2002), Japan Association for Fire Science and Engineering (1999-2001). His contribution to the Japanese Government is enormous. 
Based on his knowledge, he has been frequently nominated as a member (in many cases, chairman) of committees or advisor by Japanese 
Governmental organizations. 
Because of his achievements, Professor Hirano has been given major awards by various organizations, including Award for Prominent 
Contribution (Japan Association for Fire Science and Technology, 1985), Dionizy Smolenski Medal (Poland Academy of Science, 1997), 
Award for Prominent Contribution in Science (Japan Institute of Energy, 1999), The International Science and Technological Cooperation 
Award of the People’s Republic of China (2003), and The Bernard Lewis Medal (The Combustion Institute, 2004). 
Prof. Weicheng Fan 
 
Professor Fan graduated from the University of Science and Technology of China (USTC) in 1965. Then he was employed in USTC and 
in 1987 promoted to be a professor there. He has been engaged in cross-disciplinary research on fire safety science and engineering for 30 
years. Prof. Fan established many mathematical and physical models of describing the interactions of flow, heat transfer and combustion 
in fires, and also developed the net modelling method for fire smoke simulation. He also contributed many theoretical models for special 
fire phenomena such as flashover, backdraft and fire whirl. Prof. Fan has authored seven monographs, 230 research papers (nearly 200 
papers were indexed by Web of Science), and 6 authorized invention patents to date. Tens of papers of Prof. Fan were published in 
Combustion and Flame, Combustion Science and Technology, Fire Safety Journal, and so on.  
Prof. Fan has also contributed to the technological researches of fire safety. His technologies have been successfully applied to hundreds 
of large and high-rise buildings in China. He ever won three times of China National Award for Science and Technology Progress. In 
recent years, Prof. Fan successfully established a China national emergency system for fires and other disasters. For his great contribution, 
he was elected to be an academician of the Chinese Academy of Engineering in 2001. In 2011, Prof. Fan won the First Prize of China 
National Award for Science and Technology Progress. 
Prof. Fan is the founder of the State Key Laboratory of Fire Science (SKLFS). By his great leadership, SKLFS has developed rapidly to 
be one of the world’s most eminent fire laboratories. Prof. Fan, Prof. Toshisuke Hirano and Prof. Victor K. Bulgakov together initiated the 
establishment process of Asia-Oceania Association for Fire Safety Science and Technology (AOAFST) in 1991. Prof. Fan ever held the 
President of AOAFST for six years (1995-2000). Now AOAFST has developed rapidly to be the most important branch of IAFSS. Prof. 
Fan also held the Executive Member of IAFSS and the Deputy Chair of FORUM. He contributed nearly 30 invited/plenary speeches in 
symposiums of fire safety community. 
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Winner of Excellent Paper Award of 9th AOSFST 
1. Greg Baker, Colleen Wade, Michael Spearpoint and Charley Fleischmann. Developing probabilistic design fires for performance-
based fire safety engineering. 
2. Jian Ma and Weiguo Song. Automatic clustering method of abnormal crowd flow pattern detection. 
3. Koyu Satoh, Naian Liu, Kuibin Zhou and Xiaodong Xie. CFD study of termination of fire whirls in urban fires. 
4. Ning Ren, Yi Wang and Arnaud Trouve. Large eddy simulation of vertical turbulent wall fires. 
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Contacts of Plenary and Invited Speakers 
Plenary lecture 
Mechanism of buoyant turbulent diffusion flames 
John L. de Ris, Factory Mutual Global, USA 
Tel.: +1 508 698 0648; fax: +1 781 255 4025. 
E-mail address: john.deris@verizon.net 
Welcome lecture 
Experience on implementing performance-based design in Hong Kong 
Wanki Chow, President of the AOAFST; The Hong Kong Polytechnic University, China 
Tel.: +852 2766 5842; fax: +852 2765 7198. 
E-mail address: bewkchow@polyu.edu.hk. 
Invited lectures 
1. Experiment and modeling of microscopic movement characteristic of pedestrians 
Weiguo Song, State Key Laboratory of Fire Science, University of Science and Technology of China, China 
Tel.: +86 551 6360 6415; fax: +86 551 6360 1669. 
E-mail address: wgsong@ustc.edu.cn. 
2. Material flammability: A combustion science perspective 
James T'ien, Case Western Reserve University, USA 
Tel.: +1 216 368 4581; fax: +1 216 368 3007. 
E-mail address: jst2@case.edu. 
3. Fire safety design for tall buildings 
José Torero, University of Edinburgh, UK 
Tel.: +44 131 650 5723. 
E-mail address: j.torero@ed.ac.uk. 
4. The integrated strategies for fire safety of long road tunnels in Taiwan 
Falin Chen, National Taiwan University 
Tel.: +886 3 3974619; fax: +886 3 3282652. 
E-mail address: smilecc16@gmail.com. 
5. Fire performance of steel reinforced concrete (SRC) structures 
Linhai Han, Tsinghua University, China 
Tel. & fax: +86 10 6279 7067. 
E-mail address: lhhan@tsinghua.edu.cn.  
6. Combustion chemistry and decomposition kinetics of forest fuels 
Oleg Korobeinichev, Siberian Branch Russian Academy of Sciences, Russia 
Tel.: +7 383 333 2852; fax: +7 383 330 7350. 
E-mail address: korobein@kinetics.nsc.ru. 
7. Accuracy (trueness and precision) of cone calorimeter tests with and without a vitiated air enclosure 
Damien Marquis, Laboratoire Nationale de metrology et d'Essais, France 
Tel.: +33 130 693 246; fax: +33 130 691 234. 
E-mail address: damien.marquis@lne.fr. 
8. Experimentally simulating wind driven firebrand showers in Wildland-urban interface (WUI) fires: Overview of the 
NIST firebrand generator (NIST dragon) technology 
Samuel Manzello, NIST, USA 
Tel.: +1 301 975 6891; fax: +1 301 975 4052. 
E-mail address: samuelm@nist.gov. 
9. Probabilistic fire-risk-assessment function and its application in fire resistance design 
Yaping He, University of Western Sydney, Australia 
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Tel.: +61 2 47360902. 
E-mail address: y.he@uws.edu.au. 
10. Mechanism of tsunami fires after the Great East Japan Earthquake 2011 and evacuation from the tsunami fires 
Akihiko Hokugo, Kobe University, Japan 
Tel.: +81 78 803 6440; fax: +81 78 803 6394. 
E-mail address: hokugo@kobe-u.ac.jp. 
11. Validation and verification of fire models for fire safety engineering 
Patrick van Hees, University of Lund, Sweden 
Tel.: +46 46 288 4839. 
E-mail address: patrick.van_hees@brand.lth.se. 
12. Nuclear power plant explosions at Fukushima-Daiichi 
Takashi Tsuruda, Akita Prefecture University, Japan 
Tel.: +81 184 27 2102; fax: +81 184 27 2102. 
E-mail address: TTsuruda@akita-pu.ac.jp. 
13. Spontaneous heating and fire in coal mines 
Ran Vijay Kumar Singh, Central Institute of Mining & Fuel Research, India 
Tel.: +91 326 2296198; fax: +91 326 2296025. 
E-mail address: drrvksingh@yahoo.com. 
